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(54) Tide: INTRAUTERINE ELECTRODE ARRAY FOR THE DETERMINATION OF FHR 



(57) Abstract 

The invention relates to an elongated intrauterine electrode array that is not attached directly to the fetal scalp and can de- 
rive a fetal ECG signal indicating the fetal heart rate and beat-to-beat variability data. The invention has a mylar ribbon with cop- 
per track conductors on the ribbon, terminators connected to the conductors, and electrodes connected to the conductors at var- 
ious locations for receiving the material and fetal ECG signals. The electrodes are gold-plated and spherical. The electrodes and 
conductors are embedded in a silicone coating and the electrodes are placed on opposite sides of the array. 
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, XHTRAUTERINE ELECTRODE « - " "» 


2 . BACKGROUND OF THE INVENTION 
a.) Field of the Invention 

TWS » is - «— -; d ^ 

not attached directly to - — scalp * labor - « ve^ 

„„i,e a fetal ECG signal to obtain the fetal 
£roB which one oan derxve a ^ 

. tvm\ The invention is 
heart rate (FHR) . m» •„„ these signals 

th e fetal an. sterna! ECO signals an. processi ng these 
to obtain an accurate record of EHR and EHR heat-to-heat 

variability. succe ssfully derive and 

The device is useful in that it can 

' - * n hMrt rate by an intrauterine electrode 
Pliably obtain the fetal heart rate oy 

.is device will replace the ob.ectionable ana 

use in fetal monitoring. 
i«r+i-ode for routine use in iew 
spir al scalp electee f ^ ^ ^ 

continuous monrtorxn, - ^ 
is the most widely applied adjunct to ontrapart 

technological refinements over the past 1, — have ^ 
to the ability to predict a deteriorating fetal status at a -e 

and under — -~ - 

^ morbidity indeed, many clinicians feel tnat 
fetal mortality and morbidity. 

Insistent use of electee fetal monitoring is a^mary ~ 
in the relatively low incidence of intrapartum deaths and 

„ this country. Although there may be valid 
neonatal problems^ ^ « ^ ^ 

^estions regard- - ^ * et.al.. 1 9 B„ . 

seems entrenched as a routine pr 
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i 

„ ress m t»U Ii.W » iU te driVe " bY 
Undoubtedly, future progress considerations. 

technoiogicai as well as ethical =na med.cdega 

b , oescription of the « ^ „ 

*■ - t* r - - l — — 1 - 

£etal serine involves the ^ ^ ^ 

scalp electrode (Hon et.al.,1 . ectrode to the fetal 

^ Hirect attachment of an electro 
^ T Tthe cranes. Xt is dearly not idea! 

a£te ic:m r— - — — — 

- T r Turhevme and HcCaffree sola. et.a!.. 

(Gol dXran . X » - » ^ 1989) . ^though 

198 „, OX.da.et.al-. ^ 

«" — " M «1 to its inherent -inelcance- and 

iB prove its applicat.cn attest 

. n.ture (FuXusbima et.al., 199D • 
persona n ^ ^ „ BO „ 

dlraphy (auscuXtation, . externa! abdominal 
include phonocardiography ( 

.,<„„ using standard ECG electrodes, an 
— 1 " COr \ T„ 6) Although phonocardiography may - 
— rt I ' it cannot provide heat-to-heat 

use£ul in - «- ~- ' t ^ ^ „ t . 

variability data, an MP where it 

,„r ultrasound technology has improved to the p 
ocppler ultras ^ ^ labor . 

o££ ers some dependahrlrty m fe 

,f» rs from an intrinsic inability c 
However, it too suffers fro ^ ^.^ 

w «- t-o-beat variability in FHR. 
detect beat-to-beat v ^ ^ 

^ cardiac mechanical eveuu , 

£rOT . complex of several ca clal .^i^ility' 

e££ ect conspire to introduce a gu>te artrfrcia 
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signal where there may be none. 

From cur perspective, the .est promising epproech to 
reliable and accurate FHR monitoring has been the external 
wording of fetal ECG using maternal abdominal electrodes. The 
Mj or problems with this technigue are the inevitable 
interference of the maternal ECG and random muscle no.se. The 
vernal ECG contamination problem was solved by application of 
sophisticated signal processing including an adaptive digrtal 
filtering (cancellation, algorithm (u.s. Serial No. ei, 5 7 5 ,. 
H „s=le noise remains as a potential problem. 

The greatest obstacle to successful FHR monitoring by 
vernal ECS electrodes is related to poorly understood amniotic 
sna physiologic factors which prevent the adeguate recording of a 
fetal signal even-after the maternal ECG and muscle norse 
contamination have been accounted for. There exist, a currous 
condition of the fetal and maternal amniotic and physiologic 
parameters at gestation ages between 3, and 36 weeKs during whrch 
it seems impossible to record a fetal ECG with external 
electrodes (van Bemmel. 1374). Since multiple electrode 
piacements and the use of state-of-the-art electronics have 
failed to produce reliable recordings, one is tested to 
virtual impotency principle, whereby accurate and reliable 
recording is si»ply not possible with external electrodes. 

«e have, therefore, on the one hand, an accurate but 
i„vasive. cumbersome and otherwise undesirable method, the scalp 
electrode. On the other hand, our previous efforts have resulted 
in accurate and reliable FHR monitoring using external electrodes 
and sophisticated signal processing. But the latter is not 
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, , Thus there exists a need to reach a middle- 
always successful. Thus, ther 

groU nd, whereby the previously demonstrated power of ur 
roc essing technology can he brought to hear on 
r om noninvasive or minimally invasive intrauterxne probe 

This invention offers an alternative approach - a multx- 

to be inserted into the uterus after membrane 
electrode array, to be xn ^ ^ . 

rupture - a device which xs not xnvasxve 

sianal processing capabxlxtxes 
is compatible with the powerful sxgnax p 

6i 575). We have found reports of 
already achieved (U.S. Serxal 61,575). 

* ts to derive a fetal ECG using an intrauterxne 
several attests to derxv intraute rine 
probe, in 1988 a British group reported that 

^ to record FECG signals that ranged xn 
electrode device was used to recora 

• e to 4-6 times the amplitudes recorded even 
i tude from noxse to 4 t> i-j-^ 
amplitude rr Nevertheless, 

with the scalp electrode (Randall, et.al., 

, aKie to take advantage of the large sxgnal 
this group was not able to ta* 

v ™al ECG contamination problem. In 
amplitude because of the maternal ECG 

t use reported that using electrodes spaced along 
1989 a Group at USC reports 

a n intrauterine pressure aevice proaucea fetal ECO sr^eis 

• frOT 20-375 microvolts but tney were ebie to obtam fetal 

heart rate traexngs xn 60* oi ^ 

t usea an intrauterine probe of bis own aesi,n to recede 
slngle cornea fetal ana natemal ECG signals ^ 

i from this combined sxgnal they 
competing maternal ECG sxgnal from thxs 

-i-m™ technique which transformed 
. „ ,,, nf i VP noise cancellxng tecnmy«<= 
utilized an adaptxve noise 

io +-o match the maternal ECt, 
eternal chest ECG derived sxgnals to match 

„ • the orobe-electrode signal. They dxd not 
components found xn the probe e 

^al only ECG signals could also be 
appreciate that these maternal only 
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Otained fro. cur intrauterine electee array. 

„ s. seriai »o. 61.575 deecri.es the development of 
ooninvasive ascetic instrumentation tc determine 
ln stantaneous retal heart rate, an* BHK var.ahU 
(BBV)' through the use cf adaptive cancellation in electro- 
cardiograph, — - suggests that in « ~ _ 

, ation a Pliable and accurate measure of FHR beat 
instrumentation a rexxuu 

• hilitv can be made noninvasive* during the third 
be ,t varrahllitv can ^ ^ 

trimester of pregnancy. Thxs appa 

no vei adaptive electrocardiographic digital signal processrn 
technigues that offer potentiai diabetic and monitoring vaiue 
J» the field of fetal heart rate monitoring. This 
mentation technic, as previous* developed, is capahle of 
Lining accurate records of FHR and BBV noninvasive!* fro. B<* 
„hich collect hcth maternal thoracic and a— BC G 

Si "tl significant advances in instrumentation were achieved in 
prl or wor*. Birst. a signal conditioning and salification 
U- - -eloped that reduces electronic and » ^ - 

interference to within 1-2 uV; far helow that regorred for 

conventional electrocardio^aphy. second, an 

4 4-^1 vilter was developed- xne 
electrocardiographic adaptive Drgrtal Bxlter wa 

i,es a set of adaptive cancellation algorithms for the 
MF optimizes a set abdoBlna l BCG 

cancellation of the maternal BCG components 
signal in order to calculate instantaneous BHR. 
completed the hiomedica! engineering development and in tral 
cUnical testing of the hardware and microprocessor software 
alg orithms for this processor. This instrumentation can 
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ad a P tive ly canceX the eternal ECC from an abdominal signal. 
; onil provides a noninvasive, continuous, — ^ 
: measuring instantaneous EHH and EHH beat-to-beat — 
This prototype system utiles an Advanced Micro Oev.ee 

10 MHz to perform the cancellation 
ffii croprocessor running at 10 MHz to p 

• urates an 8-channel multiplier, sample-and- 
ainorithm. It incorporates an ° 

9 . PC successive approximation analog-to- 

hold, and 12-bit 12 microsec. successi 

TntG arated with the microprocessor system are 
diaital converter. Integrated wi 

+. k *nd a 4 5-inch high-resolution thermal 
a 3-inch cathode ray tube and a 4.5 

arra y printer to provide an immediate view and copy of the fetal 
heart rate and variability. 

3 SUMMARY OF THE INVENTION 

• v c nf a flexible, multiconductor. 
The proposed device consists of a flexi 

ribbon type flat wit, an attachea — of goia coatea 

sp „erieal electees. - entire assembly. — ~ - 

o£ each electee is coatea wit, an inert silicone insulator. 

U aesignea to be insertea into the ute.ua at a «- when a . 

• <.=^l scalp electroae wouia be appliea. 
stanaara but invasive fetal scalp ex 

. .^-»v is scannea for electroae 
Following insertion the electroae array is s 

. , fcg signal ana which will 
pairs which proviae the best fetal ECG sign 

Lxiv incluae an interfering naternal ECG signal also. ^ 
electroae pairs are scannea for component,*, of the inter. ^ 
vernal « signal which ao not incluae the fetal . sign . 
Both these signal sets are simultaneously aerivea ana processea 
by prior existing FHR nonitor apparatus (U.S. Serial Ho. 

^ , to extract the fetal heart rate ana variabilis aata fron 
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tnis ECG data. The device is designed as an alternative to the 
n ore invasive nature of the fetal scalp electrode and the less 
reliable methods of external fetal monitoring. 

The direct fetal scalp spiral electrode is presently the 
m ost widely used device to accurately monitor the fetal heart 
ra te. The intrauterine probe device described has the advantage 
that it would not penetrate the fetal scalp epidermis as the 
scalp electrode. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the intrauterine electrode array inserted 
in the uterus illustrating a large number of electrodes on both 
sides of a flat cable like structure used to collect the combined 
fetal and maternal ECG signal (s) from some electrode pairs and 
the maternal ECG signal (s) alone from different sets of electrode 

pairs separately. 

Figures 2 through 5 are explodes drawings of the 
intrauterine electrode array based on the modification of a 
standard flexible, flat multiconductor, etched ribbon cable. 

Figure 2 illustrates the electrical conductor aspect of the 
intrauterine array consists of a printed ribbon cable with a 
number of copper track conductors. 

Figure 3 shows a design of a small number of ball electrodes 
attached to square conductive pads on a narrow ribbon cable. 

Figures 4 and 5 illustrate steps in the assembly process of 
the intrauterine electrode array. 

Figure 4 is an alternative design of the electrodes 
consisting of small spherical conductors. 
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Figure 5 illustrates an end view of the completed electrode 
array consisting of two of the assemblies in Figure 4 cemented 
back-to-back. 

5. DESCRIPTION OF THE PREFERRED EMBODIMENT 
Electrode Array Design 

The general design of the fetal ECG electrode array is based 
on the fact that the fetal heart dipole orientation is not known 
and is likely to change during labor. The ability to 
automatically scan the length of a long asymmetric multi- 
electrode array will allow periodic adjustments in a 'near- 
continual' monitoring session. It should be noted that with 
certain hardware configurations it is, in principle, possible to 
continually monitor the fetal ECG, even as the selected electrode 
pairs change. 

A key feature of this design is the ability to automatically 
sea, many asymmetrically placed electrode pairs along both sides 
of the probe. Thus depending on the relative maternal and fetal 
cardiac dipoles, some electrode pairs will register fetal ECG 
only, maternal ECG only, or combined ECG signals. 

The intrauterine electrode array design described will allow 
the reliable monitoring of the fetal heart rate and beat-to-beat 
fetal heart beat variability. 

Detailed Mechanical Design 

The design of the intrauterine electrode array is based on 
the modification of a standard flexible, flat multiconductor, 
etched ribbon cable. Such cables are available with numerous 
copper tracks on a thin mylar base. They are commonly used in 
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equipment where large numbers of conductors connect moving parts, 

e.g., print-heads etc . 

The new design, is a novel utilization of readily available 
flexible ribbons on which the number and configuration of 
conductors is only limited by current printed circuit technology. 
Figure 1 shows the long flexibe intrauterine array that runs the 
entire circumference of the uterus. The drawing shows only a few 
of a large number of electrodes on both sides of the array. The 
large number of electrodes is included so that from both along 
its length and between both sides of its asymmetric construction 
a very large number of electrode pairs can be computer scanned to 
select two sets of ECG signals. The first signal set desired is 
a relatively large fetal ECG signals, which will usually contain 
same component of the maternal ECG signal. The second ECG signal 
set desired simultaneously from other electrode pairs is that 
signal set containing maternal ECG components alone without a 
fetal ECG signal. This second signal set is to be collected and 
later used to adaptively cancel the interfering maternal ECG 
signal from the first selected combined ECG signal. Figure 2 
shows a simplified drawing of one such design. The electrode 
array will consist of a standard, printed ribbon cable. The 
number of conductors (copper tracks) can be chosen at will by 
cutting a wider ribbon with a straight-edge and razor blade. 
These cables are available in single or double-sided 
configurations and track widths, and can be special-ordered with 
different track patterns, connector terminations and even 
printed-through holes. They are also available as solid copper- 
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cl ad ribbons for <in-house< track design and etching. This 
allows for a great deal of flexibility in design. 

The electrodes themselves consist of gold-coated metal 
spheres which are attached to the ribbon tracks by conductive 
epoxy- The spheres are gold coated to produce a chemically xnert 
surface since they will contact the uterus, placenta and fetus. 
The spheres are available in a variety of sizes and materials. 
The gold coating is applied by vacuum sputtering. 

As Figure 3 shows, a simple preliminary design consisting of 
a small number of electrodes attached to a narrow ribbon cable 
(approx. 1 cm wide). An alternative design which utilizes much 
larger spherical electrodes on the same width cable is shown xn 
Figure 4. Here all of the conductor tracks are made very narrow 
and are routed along one or both edges of the ribbon. At the 
appropriate distance each conductor is led to the center, where 
it terminates in a large pad. In this way it is possible to 
attach relatively large spherical electrodes in a linear array 
without interference with adjacent tracks. 

Figures 4 and 5 illustrate the next steps in the assembly of 
the intrauterine Electrode Array. The aim here is to insulate 
the entire assembly except for the outer hemispheric portion of 
the electrode spheres. The ribbon with the attached spheres is 
placed in a specially milled teflon trough of the appropriate 
length. The width of the trough is somewhat wider than the 
ribbon. Next the trough is flooded with self-leveling silicone 
rubber (GE RTV 118) so that the silicone completely coats the top 
surface of the ribbon to a thickness which leaves exposed the 
upper hemisphere of the sphere electrodes. (The ends of the 
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trough are appropriately damned.) Twenty-four to 48 hours later 
the cured silicone rubber containing the ribbon electrode 
assembly is removed from the mold. Two of these assemblies (they 
nay be differently configured) are then cemented back-to-back, 
the cement being the same RTV 118. The mylar ribbons and the 
overlapping silicone rubber edges are then held in proximity 

until the RTV cures. 

The result is a double-sided, flexible electrode array of 
any desired configuration. A double sided electrode array not 
only increases the number of possible electrode combinations but 
also allows for the recording of signals such as the maternal ECG 
from regions directed away from the fetus. The connector-end 
track terminations are gold-plated for a short distance under the 
silicone so that the whole assembly can be chemical-sterilized. 
The stiffness of the assembly is controlled by incorporating any 
number of shims (mylar or plastic) between the two layers of the 
electrode array. An alternative would be to incorporate one or 
two angiographic catheters in the lateral edges of the assembly 
at the time of silicone potting. These catheters can then be 
used as guide-wire sheaths to stiffen the assembly at the time of 
insertion. Once the wires are removed the lumen can be used for 
intrauterine pressure monitoring or fluid infusion. The device 
will require a stiffness sufficient for intrauterine placement 
and yet have some compliance and flexibility to assure safety 
against uterine or placental perforation. 

This device is connected to existing fetal heart rate 
monitoring equipment utilizing the abdominal ECG mode of 
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„onitoring with adaptive digital filtering (U.S. Serial No 
monitor Any continually 
61 575 , which has previously been shown to be able 
.olitor fetal heart rate noninvasives consistently and 
eliably. given an adeguate fetal signal, such as the nor. 

, *. ^ riectrode combxnations are 
term fetus at «2 weeks oestatron. Electro 

.elected automatically by the FHR monitor computer so as 
«W- the fetal ECC s ig nal in one s lg nal set ana 

„„„ a „ t 0 f maternal ECG signals to 
simultaneously obtain a second set of 

lively cancel the appearance of any maternal ECG signa 
«. signal containing the relatively large fetal ECO signal. 

manually by switching various lead 
This can be achieved manually oy 

4->, a vcg strip-chart output, 
combinations while monitoring the ECG strip 

A determined seguence of electrode pairs will be selected 
£or connection to tbe PHS fetal heart rate monitor through a 

i tv will be assessed using the 

patch-panel. The signal guality will 

built-in oscilloscope. 

Por the purpose of this description, we define beat-to-bea 
variability as the absolute difference botween consecutive fetal 
ECG R-R intervals in units of beat, per minute. Xnstantaneous 
^ variability will be displayed on an expanded scale of the 
str ip-ohart record which overlaps the uterine activity trace. 
Th e use of this intrauterine array will lead to simpler and safer 
.ethods of testing fetal well-being both before and during labor. 
Ih e conventional spiral electrode screwed into the fetal scalp 
has several potential risks; it can result in infection or 
permanent injury to the fetus; it is easily dislodged from the 
scalp; it can be mistakenly applied to improper sites on the 
fetus (e.g.. face, fontanels, or genitalia,. X fetal ECG 
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intrauterine catheter would not have these associated risks since 
it is placed in the uterine cavity without direct attachment to 
the fetus. 
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6. CLAIMS 

What is d.M desired to be secured by United States 
Letters Patent is: 

1. An apparatus for monitoring instantaneous fetal heart rate 
and fetal heart rate beat-to-beat variability comprising: 

a number of electrical means for independently receiving one 
set of electrical signals received through amniotic fluid 
transmitted from the heart of the mother and the fetus and 

a different set of electrical means for independently 
receiving a second set of electrical signals received through 
amniotic fluid from the heart of the mother only for the purpose 
of cancelling or eliminating the maternal signal from the first 
received signal to obtain fetal heart rate. 

7. DRAWINGS 

Five drawing of the intrauterine electrode array are 
included as a part of the specification. 


WO 93/03669 


PCT/US92/06967 




SUBSTITUTE SHEET 


WO 93/03669 


PCT/US92/06967 



SUBSTITUTE SHEET 


INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US92/06967 


A. CLASSIFICATION OF SUBJECT MATTER 
IPC(5) :A61B 5AM 

FIELDS SEA RCHED _____ _ 

searched (classification system followed by classification symboU) 

U.S. : 128/639,641,642.644.698,784.798 


Documentation searched other than 


Electronic data base 


consulted during the international search (name of data 


C DOCUMENTS CONSIDERED TO BE RELEVANT 


documentatbn to the extent that such *>cuments 


are included in the Bclds searched 


i base and, where practicable, search terms used) 


Category* 


Citation of document, with mdication, where appropriate, of the relevant passages 
US.A, 5,025,787 (Sutherland et aL) 25 June 1991. See entire document. 
GB,A, 2,195,897 (Sutherland et aL) 20 April 1988 (See entire document). 


Relevant to claim No. 


□ Further documents are listed in the continuation of Box C. Q Sec patent family annex. 



■cr 


|ini mm i< iHdilniol aftrr Ttr ' « priority 

d-a*aatfa«rfM 

-v- d oc— t of narfcular relevance; the chimed icvcotioo on** be 
date X ^S^ac^orcmotbc o^ 


wy throw doobte on priori* dam*) or which, 
i die pnMiontion date of another otnoon or odxr 


of fMtftknkr relevance; die ckkned n 
1 k» krvotve an inventive stop when 


tbe do ct Mn rrrf i 


rcfcrrini to an oral di 


coabmed wim one or more other «ueh 


Dale of the actual completion of the interaatjonai search 
02 NOVEMBER 1992 

Date of niailing of the interzonal saurch jgo^ 

Name and mailing address of the ISA/ 
ConnniMioner of Patent* and Trademarks 
BoxPCT 

Washington, D.C. 20231 
Facsimile No. N"T APPLICABLE 

Telephone No. f?03) 30MW58 7/ 


Form PCT/ISA/210 (second sheetXJuly 1992)* 


